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[Text] 


Abstract 


This paper reports the fabrication and performance of a 
high-sensitivity, low-dark-current GaAs long-wavelength 
quantum-well infrared photodetector (QWIP) we have 
developed. This QWIP is composed of 50 GaAs 
quantum wells and Al, >,Gap 7>As barriers. The device 
was made on a 320-um-diameter mesa. Its primary 
characteristics, i.e., responsivity and detectivity, are 
highly dependent upon bias current and operating tem- 
perature. The performance of the device was further 
upgraded through delicate design and improved fabrica- 
tion technique. The peak detection wavelength is 9.2 pm. 
At an operating temperature of 77 K, the peak current 
responsivity is 9.7 x 10° V/W, the peak detectivity 
exceeds 1 x 10'' cm-(Hz)'’7/W and the dark current is 
less than 0.1 pA. 


1. Introduction 


An IR photodetector that relies on the transition of 
bound electrons in a quantum well to continuous states 
near the top of a potential barrier is developed on the 
basis of research on superlattice semiconductors. The 
QWIP has advantages such as fast response, high 
quantum efficiency, variable wavelength, good thermal 
stability and uniformity. Furthermore, it can be made 
into a large-area IR focal plane array (FPA), which plays 
an important role in IR imaging technology, novel IR 
spectrophotometers and space precision guidance sys- 
tems. This new QWIP is a direction of further develop- 
ment in IR sensing technology and has become a leading- 
edge research topic worldwide. 


In 1985, West and Eglash first observed the light transition 
effect inside a GaAs quantum well.' Later, Levine and 
coworkers accomplished a great deal in the development 


and improvement of a practical device.2'® A GaAs/ 
AlGaAs MQW IR photodetector (MQWIP) was developed 
in 1987.° Initially, the device was designed to have two 
bound-state quantum wells. To improve its performance 
characteristics, they designed a novel superlattice 
structure,* which involved the transition between bound 
states in the wells to extended states in the conduction 
band to prevent light excited electrons from tunneling the 
barriers. Consequently, the barrier thickness can be 
increased to suppress dark current and thus raise detectiv- 
ity. The best MQWIP was also developed by Levine et al; 
its primary specifications are as follows: operating temper- 
ature 77 K, peak wavelength 8 um, and peak detectivity D* 
= 4.0 x 10'° cm-(Hz)'’2/W.’ Currently, besides trying to 
improve performance further, the device has entered an 
application stage, i.e., fabricating it into a GaAs/AlGaAs 
FPA QWIP array.'' It has already been successfully used 
in IR photography.'? 


Based on research done on the physics associated with 
the growth of GaAs/AlGaAs MQW materials, we began 
to develop QWIP. The emphasis is placed on structural 
design and fabrication technique improvement to fur- 
ther enhance performance. A high-sensitivity, low- 
dark-current, long-wavelength MQWIP has been suc- 
cessfully developed. Its performance characteristics have 
reached optimal levels known to date. 


2. Device Preparation 


We went through the entire process of quantum-well 
design, material growth, device development and elec- 
trical and optical measurements. A 50-rectangular- 
MQW (75 Angstroms) GaAs/(300 Angstroms) 
Alp >gGap 72AS structure was prepared using a VGV80H 
MBE (molecular beam epitaxy) system manufactured in 
the UK. The growth and study of this high-quality QWIP 
material will be described iff a separate paper. 


Figure | [photograph not reproduced] shows the structure 
of the device. The device is a 320-m-diameter mesa made 
with conventional lithographic and chemical etching tech- 
niques. Thin AuGe/Ni layers are evaporated on the N*- 
GaAs layers on the top and bottom of the mesa. Excellent 
ohmic contacts are made after alloying. A thin Au layer 
covers this ohmic layer before a metal lead is ultrasonically 
welded to it. In order to increase the area of the ohmic 
contact layer and avoid shorting between electrodes to 
improve yield, it is required to have a good design for the 
lithographic pattern, to simplify the technique and to 
locate the optimal alloying conditions to make the best 
ohmic contact. The etching depth must be accurately 
controlled so that it penetrates the quantum well. The 
N*-GaAs layer at the top of the mesa must be exposed to 
make a good ohmic contact. In order to determine the 
etching depth, a new microscopy technique was developed: 
REM (Reflective Electron Microscopy) is used to observe 
the cross section of the etched mesa to directly and 
accurately determine the etching condition of the MQW 
mesa. Figure 2 [photograph not reproduced] shows a REM 
cross-sectional view of an etched mesa. It clearly shows the 
50-period GaAs/AlGaAs MQW structure. The bright 








narrow lines and wide dark lines in the photograph are 
GaAs quantum wells and AlGaAs barriers, respectively. 
N*-GaAs layers are located on top and beneath the quan- 
tum-well region. The dark area on the right is an etched pit 
(the inclination of the pit is due to a slanted incident 
beam). From this picture, we can see that the etching depth 
is being controlled just right at the quantuin-well region. 


On the basis of the selectivity principle, the optical cou- 
pling of a MQWIP that relies on transitions between 
sub-bands within the conduction band is different from 
that depending on transitions between bands. The former 
requires that the polarization of light hitting the MQWIP 
must have an electrical vector perpendicular to the mesa. 
Hence, it usually enters at 45 degrees from the back or uses 
a diffraction grating. We used a 45-degree incline coupling 
method, as shown in Figure |. This incline is mechanically 
ground and polished on the epitaxial substrate. 


3. Device Characteristics and Results 


3.1 Voltage Versus Current Characteristics 


To test the quantum-well structure, dark current and 
leakage current due to electrode quality, the voltage/ 
current curve was measured at 77 K with no light and 
the result is shown in Figure 3. The curve clearly shows 
negative impedance damping. This illustrates the 
destruction and establishment of resonance between 
two neighboring wells as the electric field varies. In 
addition, it shows that dark current primarily comes 
from resonant tunneling current 2nd it is below 0.2 pA. 
If the barrier is made thicker, such as 300 Angstroms in 
specimen G1 22, then dark current could be reduced by 
two orders of magnitude to 0.002 pA. This will drasti- 
cally increase detectivity. The apparent negative imped- 
ance damping and low dark current clearly prove that 
the MQW epitaxial material is of high quality and that 
the device has no leakage and has excellent ohmic 
contacts. We also calculated differential resistance as a 
function of bias from the 77 K current/voltage curve. 
Over the range of bias, the differential resistance is 1-10 
MQ. The low-temperature resistance of this QWIP is 
much larger than those of other types of photodetectors 
(such as a HgCd¥@: waveguide IR photodetector). 
Special care should bé'gBiven to avoid loss of signal due 
to distributive capacitance of the leads. 





0.7 
0.5 


* 
= 93> 


0.1} 
a a 

V(V) 
Figure 3. Voltage vs. Current Curve at 77 K Without Light 
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3.2 Measurement of Voltage Responsivity and 
Detectivity 


The photodetector was placed in a low-temperature 
E-1332 freezer and the temperature was varied from 
10-300 K. A 500 K blackbody source was modulated at 
800 Hz and then entered the photodetector at an angle 
through the freezer window. The viewing angle of the 
photodetector is 136°. A Keithley 220 current supply is 
used to provide the constant bias current. An EG&G 
5210 lock-in amplifier is used to measure the rms signal 
voltage V, and rms noise voltage V.,. 


“Introduction to Optoelectronic Devices,”'? edited by 
Tang Dingyuan [3282 1353 0337] et al., describes a way 
to calculate blackbody voltage responsivity R, and 
blackbody detectivity D*,,,, i.e., 


Ry - V,/®(V/W) (I ) 


where ®, is the rms fundamental frequency power of 
incident radiation which can be determined from some 
parameters related to the measurement system and test 
conditions (such as blackbody temperature, modulating 
disk temperature, blackbody emission aperture and pho- 
todetector illumination area). The blackbody detectivity is 





Dam eV Aee Sf (om/Hz/W), (2 


when A, is the photodetector area and Af is the band- 
width of the measurement circuit. The GaAs/AlGaAs 
MQWIP is a narrow-band photodetector. Therefore, its 
performance is usually expressed in terms of its peak 
detectivity D*,,.'° Its equation is as follows: 


Dt, = DS°T, (3) 


The correction factor I can be expressed as follows: 


|" M,(500K, v)de 
oe atl 


cr 7: a 
| M,(500K,»)R(v)dv 





(4) 


where v is the wave number. M,(500K, v) is the black- 
body radiation power distribution function which can be 
expressed by Planck’s equation that describes blackbody 
radiation. R(v), wave-number responsivity, is expressed 
by a peak normalized Gaussian distribution. Its peak 
position and half-height width can be determined from 
the IR spectrum of sub-band transition. Reference 3 
confirms that the frequency-response spectrum is similar 
in shape to the sub-band transition IR spectrum. There- 
fore, the above analysis is reasonable. 


3.3 Dependence of Peak Detectivity D*,,, Upon Bias 
Current and Temperature 


Optoelectronic performance characteristics such as peak 
detectivity D*,,, of a sub-band transition QWIP are 
closely related to its operating conditions. We found that 
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detectivity varies significantly with the bias current, as 
shown in Figure 4. Furthermore, a different curve exists 
for each temperature. Obviously, each photodetector has 
an optimal operating point at a specific temperature. At 
that puint, it has the maximum detectivity. The corre- 
sponding current is the optimal bias current (which 
varies as a function of operating temperature). Hence, it 
is very important to ensure that a QWIP operates at this 
optimal point. Figure 5 shows detectivity as a function of 
operating temperature. Especially after the operating 
temperature exceeds liquid-N, temperature (77 K), 
detectivity drops even faster. The MQWIP developed 
should also have blackbody response when the operating 
temperature exceeds 100 K. 
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Figure 4. Detectivity vs. Bias Current at Different 
Temperatures 





3.4 Measured Results 


Five different sets of QWIPs of different dimensions 
have been prepared. Table | shows their primary perfor- 
mance characteristics at 77 K. The measurement of 
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Figure 5. Peak Detectivity vs. Operating Temperature 





responsivity and detectivity was discussed earlier. Spec- 
imen parameters and test conditions are as follows (for 
specimen G236): photodetector area 8.04 x 10% cm’, 
blackbody emission aperture 0.4 cm, distance between 
emission aperture and photodetector 20 cm, modulation 
frequency 799 Hz, measurement circuit bandwidth 
24.08 Hz, and window transmissivity 63 percent. Table 
1 only gives the voltage responsivity R,. The current 
responsivity R; can be calculated from R, and the 
calculated differential resistance r, i.e., R; = R,/r. For 
instance, the optimal bias current for specimen G236 at 
77 K is 9 x 10°’ A (from Figure 4). The corresponding 
differential resistance r = 2.4 x 10° Q (which is looked up 
from the differential resistance vs. bias-current curve). 
Corresponding to voltage responsivity R, = 9.7 x 10° 
(V/W), the current responsivity R; = 0.4 A/W. This is 
comparable to the highest value ever reported world- 
wide. In addition, from Table |, the most important 
indicator of the GaAs/AlGaAs long-wavelength MQWIP 
developed, D*,,, i.e., peak detectivity at 77 K, has 
exceeded 10'' cm-(Hz)'’2/W. This is higher than the best 
level ever reported worldwide.’ 





Table 1. QWIP Performance Parameters 




















Specimen number Peak wavelength 1 Blackbody voltage Voltage responsivity | Blackbody detectivity Peak detectivity 

(um) responsivity R(V/W) D*bb (cm-Hz!/2;w) D*p (cem-Hz!/2;w) 
Rp (V/W) 

G094 6.9 1.6 x 10° 2.3x 104 8.2x 107 1.2x 109 

G122 6.9 1.2 x 104 2.8 x 10° 7.6x 108 1.8x 10/0 

G123 6.9 5.6 x 10° 4.0x 10° 3.9.x 109 28x 10!! 

G236 9.2 2.3x 104 9.7x 10° 15x 109 6.2 x 1010 

G237 9.1 5.5.x 109 3.3.x 10° 2.7.x 109 13x 10!! 


























4. Conclusion 


The MQWIP, a recently developed IR photodetector, is 
an important direction of development in IR sensing 
technology. It has advantages such as fast response, high 
quantum efficiency, good thermal stability and excellent 
uniformity, and has become a leading-edge subject 
worldwide. 


This paper reports the preparation and characterization 
of a high-sensitivity, low-dark-current GaAs long- 
wavelength MQWIP. By way of careful design and 
process improvement, the performance of this device is 
further enhanced. At 77 K, the peak detectivity, D*,,, 
has exceeded | x 10'' cm-(Hz)'’*/W and the dark current 
is below 0.1 pA. These are better than anything else 
reported worldwide. 
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Reports on Fiber Optic Sensors 


Vibration Testing, Analysis System 


94P60275A Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 4 Apr 94 p 2 


[Article by Deng Xianchun [6772 6343 2504]: “Large 
Fiber Optic Vibration Testing and Analysis System 
Unveiled in Chengdu”’] 


[Summary] Chengdu (ZHONGGUO KEXUE BAO wire 
report}—The YM1000 large-scale fiber optic dynamic 
vibration testing and analysis system—jointly developed 
by the University of Electronic Science and Technology 
of China (UESTC) and Shenzhen Yangming [7122 2494] 
Fiber Optic Technology Ltd.—passed formal technical 
appraisal in Chengdu a few days ago. This achievement 
is a major advance for domestic fiber optic sensor 
utilitarian testing technology. The system’s main perfor- 
mance indicators match those of advanced foreign-made 
early-90s products, and the indicator for temperature 
stability exceeds that for comparable foreign-made early- 
90s products. The prototype system, built at the 1987 
request of the Shanghai Electric Machine Plant and 
completed by UESTC in October 1991, was used in a 
successful experimental test of vibration at the ends of 
the stator windings in the 300 mW and 125 mW turbo- 
generators at the Shanghai plant, and passed technical 
appraisal at that time. The YM1000 system, a digitized, 
modular, “smart” second-generation system developed 
upon the prototype, has been used in a successful vibra- 
tion test of the stator winding ends in the 12 mW 
turbogenerator at the Eastern Electric Machine Plant 
and in measurement tests done at the China Institute of 
Testing and Metrology. 


Liquid-Level Sensor Patented 


94P60275B Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 
4 May 94 p 2 


[Article by Shi Mingshan [4258 2494 1472]: “Fiber 
Optic Liquid-Level Sensor Receives State Patent’’] 


[Summary] Installed on a 150-horsepower bulldozer, a 
fiber optic liquid-level sensor over a 1-year trial opera- 
tion period has been certified (all main performance 
indicators) to have a world state-of-the-art performance. 
This fiber optic sensor, developed by scientists in Labo- 
ratory 12 of the CAS Changchun Institute of Physics, 
recently received a State utility model patent. 
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Six IR Technology Achievements of Institute 11 
Highlighted 

94P60278A Beijing ZHONGGUO DIANZI BAO [CHINA 
ELECTRONICS NEWS] in Chinese 28 Mar 94 p 3 


[Article by Shu [2579]: “Six Infrared Technology 
Achievements of Institute 11 Pass Appraisal”’] 


[Summary] Six infrared (IR) technology achievements of 
MEI’s Institute |! recently passed formal appraisai. 
These achievements include the following: development 
of 160-element and 60-element long-wavelength linear- 
array photoconductive HgCdTe IR detectors, develop- 
ment of a 128-element InSb CID [charge-injection 
device] linear focal plane array (FPA), research on 60- 
element high-power throttling cooler technology, and 
research on 60-element and 32-element microdewars. 
The two HgCdTe IR detectors meet late-80s interna- 
tional standards (main performance indicators), while 
the InSb CID FPA is at the domestic state-of-the-art. The 
60-element high-power throttling cooler technology 
study is on a par with advanced foreign standards and 
includes the first domestic use of an Ar-N, gas mixture in 
a cryocooler. Finally, all technical indicators for the 
all-metallic-structure 60-element and 32-element 
microdewars meet or exceed contract requirements; the 
32-element model is designed to be used interchangeably 
with the ®5.2 self-regulating throttling cryocooler. 


Other Optoelectronic Devices 


GaAlAs/GaAs MQW Gain-Coupled DFB Lasers 
With Absorptive Gratings All Grown by MBE 


94FE0544B Beijing BANDAOTI XUEBAO [CHINESE 
JOURNAL OF SEMICONDUCTORS] in Chinese 
Vol 15 No 2, Feb 94 pp 139-144 


[Article by Luo Yi [5012 3015], Si Weimin [0674 0251 
3046], Zhang Shengzhong [1728 4141 1813], Chen Di 
[7115 6970], Wang Jianhua [3769 0256 5478], and Pu Rui 
[5543 6904] of the Department of Electronic Engineering, 
Qinghua University and the National Key Laboratory for 
Integrated Optoelectronics: “GaAlAs/GaAs MQW Gain- 
Coupled DFB Lasers With Absorptive Gratings All Grown 
by MBE”; MS received 24 Jul 93, revised 23 Sep 93] 


[Text] 


Abstract 


For the first time, a GaAlAs/GaAs multiquantum-well 
(MQW) gain-coupled distributive feedback (DFB) semi- 
conductor laser with internal absorptive grating has been 
successfully fabricated using a molecular beam epitaxy 
(MBE) technique. The lasing wavelength is 860 nm at 
room temperature and a peak power of more than 20 mW 
has been achieved in single-mode pulse operation. The 
device operates in single longitudinal mode (SLM) 
between 0°C and 80°C. As a preliminary result, the 
threshold current for a 5-6-m-wide oxide device is 
approximately 700 mA. 


1. Introduction 


The DFB semiconductor laser is one of the critical 
devices used in large-scale, long-range fiber optic com- 
munications. As electro-optic devices are being devel- 
oped, the DFB laser also plays an important role in 
optical information processing and optical measure- 
ment. There are two DFB laser feedback mechanisms, 
i.e., index-of-refraction-coupled and gain-coupled.' The 
use of a structure to separately block carriers and optical 
waveguide makes the index-coupled DFB laser a prac- 
tical device; it becomes the mainstream of DFB semi- 
conductor lasers. Nevertheless, there is a stop band in an 
index-coupled DFB device and there are two lowest 
modes of the same gain threshold on either side of the 
stop band.' Therefore, an index-coupled DFB device, in 
principle, does not operate in a single mode. This issue 
becomes more critical in dynamic operating conditions. 
Using a A/4 phase shifter,” a strip width modulator,’ or a 
high-reflection/no-reflection coating’ can overcome 
mode degeneracy and improve single-mode yield. How- 
ever, single-mode stability can easily be affected by 
spatial hole burning” and end reflection.° 


Contrary to the problem we discussed above, the lowest 
gain threshold mode of a gain-coupled DFB laser is at the 
Bragg wavelength. Hence, it is truly operating in a single 
mode. Even a compound DFB laser that is both index- 
coupled and gain-coupled can also totally eliminate 
mode degeneracy and operate in a single mode.’ 


On the basis of understanding of its superiority, research 
on gain-coupled DFB laser devices is very active world- 
wide. To date, there are two ways to incorporate the 
gain-coupling mechanism into a DFB laser. One is to 
fabricate a gain grating. For instance, a grating can be 
grown on an active layer using an OMVPE [organo- 
metallic vapor-phase epitaxy] technique on a non-planar 
surface.*-? The other way is to incorporate a loss grating 
near the active layer to periodically modulate the net 
gain of the laser.'® 


Compared to index-coupled DFB lasers, gain-coupled 
DFB lasers of both types have a number of advantages, 
including higher single-mode yield,'':'? extremely low 
chirping at high dynamic modulation,'*'* capability to 
generate single-mode ultra-short pulses'* and low noise 
induced by external reflection.'* The gain-coupled DFB 
laser has proven its role in optical communications. 


A gain-coupled DFB laser with an absorptive loss 
grating is attracting more attention because there are no 
special requirements in its fabrication. Devices have 
been fabricated worldwide using techniques such as 
OMVPE, LPE [liquid-phase epitaxy] and CBE [chem- 
ical beam epitaxy] with materials such as GaAlAs, 
InGaAlAs and InGaAsP.'°:'*:'®-'7:'® In this work, for 
the first time a GaAlAs/GaAs gain-coupled MQW DFB 
laser with an absorptive grating has been successfully 
prepared using MBE. In addition, for the first time in 
China, a gain-coupled DFB laser has successfully lased 
at room temperature. 
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Figure 1. Cross-Sectional View of the Device 





2. Device Structure and Fabrication Technique 


Figure 1 shows a cross-sectional view of the laser. The 
active layer employs an MQW structure to further opti- 
mize the performance of the device. An absorptive loss 
grating is incorporated on top of the active layer to 
periodically modulate the longitudinal! optical field of 
the laser. This is equivalent to a periodic modulation of 
the net gain of the optical field mode along the longitu- 
dinal axis in order to incorporate the gain-coupling 
mechanism into the laser. In the structure shown, the 
change of conduction mode of the absorptive loss grating 
to n type as compared to its surrounding p type can 
further lower the threshold and improve the nonlinearity 
effect caused by absorption saturation.'® The gain- 
coupling coefficient, a parameter that reflects the 
strength of optical feedback as a result of periodically 
changing gain, is a direct function of factors such as the 
absorption coefficient of the grating material and grating 
thickness. To this end, we calculated the relation 
between the absorptive layer thickness and gain-coupling 
coefficient.'* After taking actual fabrication into consid- 
eration, we only calculated a three-stage grating and the 
result is shown in Figure 2. When the absorptive layer is 
more than 50 nm thick, the normalized gain-coupling 
coefficient is greater than 0.8, which is sufficiently large 
to improve device performance. On the other hand, 
increasing the absorptive layer thickness will also raise 
the dc component of the periodic loss, i.e., the average 
mode loss, which causes an increase in the threshold 
current of the device. Therefore, the thickness of the 
grating has been fixed at 50-80 nm. A carrier blocking 
layer is introduced between upper guiding and absorp- 
tive grating to effectively confine injected carriers in the 
active layer. A high-refractance epitaxial layer, i.e., a 
low-Al-composition layer, is added underneath the 
absorptive grating layer. On one hand, it acts as a 
waveguide to enhance the effect of the grating to raise the 


coupling coefficient. On the other hand, it can avoid 
possible oxidation and contamination of the high- 
Al-composition grating due to exposure to air during 
fabrication. 
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Figure 2. Gain-Coupling Coefficient vs. Absorptive 


Layer Thickness When Bulk Absorption Coefficient Is 
5,000 cm™' 








In the first MBE process the following layers are grown 
on top of a Si-doped (i-2 x 10'* cm”’) GaAs substrate: 


n-Gao s¢Alo.4aAs lower cladding layer (1.5 pm, 5 x 10'’ 
cm™3), Gap 79Alo.2,As lower guiding layer (0.25 pm, 
undoped), Gap 79Alp 2,As/GaAs triple-quantum-well 
active layer (well width 10 nm, barrier width 12 nm, 
undoped), Gap 79Alp 2, AS upper guiding layer (0.25 pm, 
undoped), p-Gay 5¢Alo.44As carrier blocking layer (0.15 
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ym, 5 x 10'’ cm”), p-Gap 7¢Alp >, As guiding layer (0.05 
um, 5 x 10'’ cm”), and n*-GaAs absorptive layer (0.05 
um, | x 10'® cm). 


Because it is impossible to fabricate primary GaAlAs/ 
GaAs gratings using conventional techniques and the 
process to make secondary gratings is hard to control, we 
chose to fabricate a tertiary grating that is capable of 
having a sufficiently high coupling coefficient under a 
given set of conditions.'* A holographic exposure system 
based on a 325-nm ultraviolet laser was employed to 
make a tertiary grating with a periodicity of 378 nm. 
Afterward, it was chemically etched in 
H,SO,:H,O,:H,O = 9:1:1 at 5°C for 4 seconds to obtain 
a triangular absorptive loss grating. 


In the second MBE process, a P-Gao s6Alo aaAs upper 
cladding layer (1 pm, 5 x 10'’ cm’) and a p*-GaAs 
ohmic contact (0.5 ym, | x 10'? cm™*) were grown on top 
of the grating. Making a DFB laser using an MBE 
technique has not been reported in China and is 
extremely rare elsewhere in the world. The difficulty 
involved is the secondary epitaxy process on the grating 
due to the fact that crystal quality and surface mor- 
phology of the boundary are adversely affected by oxi- 
dation and contamination. We also encountered a great 
deal of difficulty in this work. A unique secondary 
epitaxy technique”° based on the characteristics of MBE 
was developed to overcome this problem. 


To simplify the technique, the device has a basic oxide 
film strip structure. A 200-nm-thick SiO, film was 
deposited by RF sputtering. A 5-6-um-wide strip was 
obtained by etching in a buffered HF solution. A p-type 
Au-Cr contact and an n-type Au-Ge-Ni contact were 
made by evaporation. 


3. Device Performance 


Lasing was successfully achieved at room temperature. 
Figure 3 shows the output light intensity as a function of 
injected current for a 300-um cavity device operating 
with 500 ns and | kHz pulses. The threshold of the 
device is 700 mA at 20°C. The primary reason for this 
high threshold current is that the device does not have 
any lateral blocking. In addition, the quality of the 
primary epitaxy process needs to be improved. Figure 4 
shows the lasing spectra of the same device at different 
injection currents. When the injection current is approx- 
imately 0.9 times the threshold (see Figure 4(a)), besides 
the Fabry-Perot mode at the gain peak, the DFB mode 7 
nm away is significantly enhanced. This is a piece of 
evidence that this mode has a larger threshold gain 
difference compared to other surrounding modes. When 
the injection current approaches the threshold, the DFB 
mode begins to lase (see Figure 4(b)) at approximately 
860 nm. As the current is further increased (see Figure 
4(c)), it operates completely in a single mode. It is 
worthwhile to point out that it is difficult to see a stop 
band in a gain-coupled DFB laser. Our device is no 
exception. 
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In addition, the peak single-mode optical output is over 
20 mW. Higher power spectra were not measured 
because of the danger that the photomultiplier tube 
might be damaged. However, from Figure 3, the peak 
pulse output should be no less than 50 mW. Besides the 
large optical cavity effect due to the relatively thick 
guiding layer in the device, it also illustrates the advan- 
tage that a gain-coupled DFB laser is not affected by 
space burning at high power levels. 





Figure 5 shows the lasing wavelength as a function of 
temperature. Due to equipment limitation, it was only 
measured between 0°C and 80°C. No mode hopping took 
place within this temperature range. The temperature 
coefficient of the wavelength is approximately 0.07 nm/°C. 
This is another piece of evidence that our device is 
operating in the DFB mode. Figure 6 shows the lasing 
spectra at different temperatures. It is obvious that it 
continues to operate in a complete single mode up to 80°C. 
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Figure 5. Lasing Wavelength vs. Temperature 
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4. Conclusions 


A GaAlAs/GaAs MQW gain-coupled DFB laser with an 
absorptive grating has been successfully fabricated using 
an MBE technique for the first time. At room temperature, 
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the device lases at 860 nm. At 20°C, the current threshold 
is 700 mA. The device remains lasing in SLM within a 
range of 0°C to 80°C. The peak power in single- 
mode single-ended output at room temperature could 
exceed 20 mW. 
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Latest Optoelectronic Devices from MEI Institute 
44 


Radar-Oriented Devices 


94P60271A Beijing ZHONGGUO DIANZI BAO [CHINA 
ELECTRONICS NEWS] in Chinese 28 Mar 94 p 3 


[Article by Ke Jixuan [2688 4764 6513]: “Seven 
Optoelectronic Products from Institute 44 Unveiled”’] 


[Summary] MEI Institute 44 recently completed devel- 
opment of a series of seven new optoelectronic prod- 
ucts—including couplers, isolators, and converters— 
with applications in modern radar systems. These new 
products, which have passed design finalization, are: the 
GH1204U high-voltage-transmission optoelectronic 
coupler, designed for radar transmitters and civilian 
power systems; the GG2240I optoelectronic isolator for 
high-speed parallel (8-channel) data transmission, espe- 
cially in warship-borne radar real-time control systems; 
the GG2150I rf-signal optoelectronic coupler, also for 
warship radars; the GG2460I high-speed optoelectronic 


converter for 60 Mbps digital fiber optic transmission 
systems such as are used in radar echo digital signal 
long-range transmission equipment; the GG2060I opto- 
electronic coupler for high-voltage pulsed measurement, 
used in radar high-voltage isolation circuits and high- 
accuracy pulse-amplitude measurement systems; the 
GH4563J low-noise, high-sensitivity, broad- 
operating-range PIN-FET [positive-intrinsic-negative 
field effect transistor] module, used in video return 
signal transmission systems; and the GH1202Y minia- 
ture optoelectronic coupler, for isolated-signal transmis- 
sion and conversion circuits used in amplifiers, voltage 
stabilizers, control protection circuits, switch converters, 
computer interfaces, and pulse digital circuits. 


Three New Couplers 


94P60271B Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 30 Mar 94 p 2 


[Article by Chen Youhua [7115 3731 5478]: “MEI 
Institute 44 Develops Three New Optoelectronic 
Couplers”} 


[Summary] MEI Institute 44 recently completed devel- 
opment of three new optoelectronic couplers: a high- 
speed/high-voltage optoelectronic coupler, a Z-type 
optical coupler, and an integrated-circuit-type optoelec- 
tronic coupler. Performance indicators for these couplers 
meet or exceed those of the 6N136 and 6N137 commer- 
cial products made by the U.S. firm HP [Hewlett Pack- 
ard]. Moreover, these Institute 44 products use a black 
ceramic metallized package, providing noticeably higher 
reliability than comparable resin packages. The high- 
speed, high-voltage optoelectronic coupler is used for 
driving TTL signals, relays, pulse amplifiers, high- 
voltage signal transmitters, and A/D converters. The 
Z-type optical coupler is used 1n gyro accelcrometers and 
also in computer-peripherals interface circuits in office 
automation systems and in isolated-signal transmission 
systems. The IC-type high-speed optoelectron‘c coupler 
is oriented toward computer-based digital communica- 
tions systems and real-time control systems. 


Sixteen Achievements Certified 


94P60271C Beijing ZHONGGUO DIANZI BAO [CHINA 
ELECTRONICS NEWS] in Chinese 11 Apr 94 p 3 


[Article by Yu Ruming [0151 3067 2494]: “16 Achieve- 
ments of MEI Institute 44 Pass Appraisal’’] 


[Summary] MEI Institute 44, tracking the world state- 
of-the-art, recently developed 16 military and civilian 
optoelectronic devices, which passed product design 
finalization on 23 March. Prominent among these 16 
devices is the GR1342J superradiation light-emitting 
diode, the first domestically developed superradiation 
LED meeting early-90s international commercial stan- 
dards. This new device, fabricated with an epitaxial 
technique and end-face film depostion, is used as an 
intermediary between LEDs and laser diodes, and is an 
ideal light source for fiber optic gyros. Other important 
devices include the GD3255Y fast-response, high- 
sensitivity, large-photosensitive-surface non-magnetic 
photodiode, an embargoed optoelectronic detector used 
in asdic [i.e. anti-submarine detection] systems; the 











10 


GZ1140Z broad-passband-range, low-intra- 
passband-ripple, steep-transition-band CCD [charge- 
coupled device] recursive filter used in new-generation 
radar systems; the SK 161 coaxial hermetic package used 
in high-power pulsed laser diodes for key State projects 
and also for laser diode arrays and LEDs; the GD5281Y 
high-sensitivity, broad-dynamic-range quadrant ava- 
lanche detector [i.e. photodiode] used in missile guid- 
ance and tracking, security monitoring, medical diag- 
nosis, and robot vision systems; the GH5200Q zero- 
light-detection switch; the GH1200Z and two other 
models of optical couplers; and the GH8740J and one 
other ac/dc solid state relay. 


Optoelectronics Achievements of CAS Institute of 
Semiconductors 


Pulsed High-Power Semiconductor Lasers 


94P60277A Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 29 Apr 94 p 4 


[Article by Zheng Huaide [6774 2037 1795]: ‘““Semicon- 
ductor Pulsed High-Power Lasers”’] 


[Summary] This series of LPE-grown multilayer- 
heterostructure large-optical-cavity IR laser diodes, with 
wavelengths in the 8500-8700 angstrom range, have 
efficiencies of 50-60 percent. Maximum single-device 
power is 2-3 W (at 4A-5A), while peak pulsed power of 
diode arrays is 100 W. Threshoid current (density) is 2 
mA/cm7?, and equivalent series resistance is 0.6-0.8 ohm. 
The series, which received a CAS S&T advancement 
award in 1990, is superior to the foreign-made LD60 
product, and meets mid-to-late-80s international stan- 
dards. These laser diodes are used in military firing 
simulators, missile laser fuses, remote-controlled deto- 
nators, security alarm systems, laser guidance units, and 
military night-vision equipment. 


670-nm Visible-Light Laser Diode 


94P60277B Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 29 Apr 94 p 4 


[Article by Zheng Huaide: “670-nm Visible-Light Laser 
Diode’’] 


[Summary] This InGaAlIP visible-light semiconductor 
laser, an excellent replacement for He-Ne gas lasers, has 
an emission wavelength of 670 +/- 10 nm, a threshold 
current of 60-80 mA, and an output power of 3-5 mW. 
Applications for this device—whose demand is indi- 
cated by a 200 percent growth rate abroad over the past 
few years—include indicators, gunsights, optical disk 
storage, bar code scanners, and laser printers. For inter- 
ested manufacturers, equipment investment costs are 
about 5 million yuan, which should generate an output 
value of 15 million yuan within 3 years, after which 
profits should begin. 
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810-nm High-Power Quantum Well Laser 


94P60277C Beijing ZHONGGUO KEXUE BAO 
/CHINFSE SCIENCE NEWS} in Chinese 29 Apr 94 p 4 


[Article by Zheng Huaide: ‘“810-nm High-Power 
Quantum Well Laser’’] 


[Summary] This 810-nm high-power quantum well laser 
diode, which can replace a Xe lamp as a pump source for 
Nd:YAG, NYAB and other solid state lasers and for 
self-frequency-doubling crystals, is grown via MBE and 
MOVPE techniques. Performance indicators are as fol- 
lows: output power = | W (room-temperature, CW), 
wavelength = 810 +/- 4 nm, lifetime = 3000 h (1 W, CW, 
25 deg C), and optical-electronic conversion efficiency 
exceeds 30 percent. 


1.3-Micron InGaAsP/InP Semiconductor Laser, 
Detector 


94P60277D Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 29 Apr 94 p 4 


[Article by Zheng Huaide: “1!.3-um InGaAsP/InP Semi- 
conductor Laser and Detector’’] 


[Summary] This !.3-~m InGaAsP/InP semiconductor 
laser and detector, key components of fiber optic com- 
munications equipment, are now being manufactured by 
a number of domestic firms, and small batches have 
been exported to the U.S., Canada, and elsewhere. This 
laser diode and detector, which can be provided with 
multimode and single-mode fiber optic connector mod- 
ules having international-standard interfaces, are ideal 
for long-wavelength fiber optic trunk lines, LANs, fiber 
optic microwave subcarrier-wave (SCM), fiber optic 
cable TV, convergent-control radar signal fiber optic 
distributors, and many other applications. For interested 
manufacturers, investment costs to build a production 
line with an annual output of 100,000 laser diodes and 
detectors is about 30 million yuan, and annual output 
value is about 100 million yuan. 


Semiconductor Laser Diode Testing System 


94P60277E Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 29 Apr 94 p 4 


[Article by Zheng Huaide: “Semiconductor Laser Diode 
Automatic Testing System’”’] 


[Summary] This semiconductor laser diode automatic 
testing system, developed by the CAS Institute of Semi- 
conductors’ Haite Company and CAS-certified in 1990, 
has main performance indicators that match those of the 
AT-9000 model (made by U.S. firm ILX Lightwave 
Corp.) and of the ME9OO1A model (made by Japanese 
firm Anritsu), with the added function of automatic 
testing of differential resistance. It meets IEC (Interna- 
tional Electrotechnical Commission) recommended 
standards for testing a large number of ratios and param- 
eters: optical power vs current, voltage vs current, dif- 
ferential quantum efficiency, threshold current, optical 
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spectrum half-width, peak wavelength, side-mode sup- 
pression ratio (SMSR), far-field pattern (FFP), tempera- 
ture characteristics, etc. For interested manufacturers, 
investment for a 50-100-square-meter production line is 
about 1-1.5 million yuan, and annual sales revenue and 
annual profit are estimated to be about 1.5-2 million 
yuan and 500,000-600,000 yuan, respectively. 


Concealed Laser Night-Vision System 


94P60277F Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 29 Apr 94 p 4 


[Article by Zheng Huaide: “Concealed Laser Night- 
Vision System, Non-Red-Exposure Laser Source”’; cf. 
JPRS-CST-93-018, 16 Nov 93 p 20] 


[Summary] The JHW-I concealed laser [active] IR night- 
vision system, with applications in public security, 
defense, banking, and industry, was developed by the 
CAS Institute of Semiconductors’ State Optoelectronic 
Devices Engineering Research Center. It consists of the 
center’s own high-power laser diode light source, an IR 
camera, a remote-controlled power supply, and B&W 
monitoring equipment. This system, which eliminates 
red exposure, has a light-source power consumption of 3 
W and an effective range of over 100 meters. For firms 
wishing to begin production of this system, equipment 
investment costs are 200,000 yuan, annual output is 100 
units, annual output value is 3 million yuan, and annual 
profit should be between 500,000 and | million yuan. 


PIN-FET Optical Receiver Preamp Module 


94P60277G Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS} in Chinese 29 Apr 94 p 4 


[Article by Zheng Huaide: “Broad-Dynamic-Range 
PIN-FET Optical Receiver Preamplifier Module’’] 


{Summary] The model HTPF-D broad-dynamic-range 
PIN-FET [positive-intrinsic-negative field-effect tran- 
sistor] optical receiver preamplifier module includes a 
new transistor amplifier dynamic-range control circuit 
invented by CAS Institute of Semiconductors researcher 
Xie Fuzeng. This circuit overcomes the problem of a 
drop in sensitivity caused by conventional AGC [auto- 
matic gain-control] circuits. This world state-of-the-art 
PIN-FET receiver, now successfully incorporated into 
the optical terminal production lines at MPT’s commu- 
nications equipment plants, has a dynamic range of over 
40 dB and a sensitivity about 2 dB higher than foreign- 
made products. For interested manufacturers, equip- 
ment investment costs are about 7 million yuan, annual 
output value is 3 million yuan, and annual profit should 
be at least 1 million yuan. 


1.48-Micron EDFA Pump Source 


94P60277H Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 29 Apr 94 p 4 


[Article by Zheng Huaide: “1.48-um Er**-doped Fiber 
Optical Amplifier Pump Source”’} 


[Summary] This LPE-grown 1.48-4m-wavelength high- 
power laser diode, designed as a pump source for 
erbium-doped fiber optical amplifiers (EDFAs), has 
exceeded 863 Program project specifications. With the 
product development phase now completed, this device 
(model HT 14) exhibits the following performance: oper- 
ating temperature range is 20-30° C, rated power is 90[? 
(figure blurred)] mW, typical threshold current is 60 mA, 
maximum threshold current is 90 mA, typical operating 
current is 250 mA, maximum operating current is 350 
mA, typical operating voltage drop is 1.5 V, maximum 
operating voltage drop is 2.5 V, minimum operating 
wavelength is 1.46 um, maximum operating wavelength 
is 1.49 um, parallel emission angle is 25°, and perpen- 
dicular emission angle is 30°. These values are compa- 
rable to current international standards. Qinghua Uni- 
versity has incorporated the device in its EDFA certified 
in December 1993. 


ISFET, Acidometer 


94P602771 Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 29 Apr 94 p 4 


[Article by Zheng Huaide: “lon-Sensing Transducer, 
LAB-100 Acidometer’’] 


[Summary] The Hani [0761 1441] Company, jointly run 
by the CAS Institute of Semiconductors and the Micro- 
electronics Center, has developed a world state-of-the-art 
ion-sensing field-effect transducer (ISFET), which 
passed CAS-level appraisal in late 1992; 99 percent of 
this product is now exported to the U.S. Moreover, to 
further develop this high technology, Hani has become a 
partner in the Sino-U.S. joint venture Beijing Beisheng 
[0554 5110] Sensing Transducers Ltd., which has devel- 
oped the LAB-100 world-class acidometer, a field/ 
laboratory dual-use instrument that is the only Chinese- 
made ph-measuring product to have made a major 
inroad into the world chemical instrument market. This 
high-performance, “‘smart” instrument has the following 
specifications: temperature range = -5 to +105 deg C, 
acidity range = 0-14 pH, acidity sensitivity = 0.01 pH, 
voltage measurement range = 0-1999 mV (with 1 mV 
sensitivity). 
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Encoded Laser Firing Simulator 


94P60277J Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 29 Apr 94 p 4 


[Article by Zheng Huaide: “Encoded Laser Firing 
Simulator’ 


[Summary] This encoded laser firing simulator, a 
modern military training device, can simulate firing of 
30 different weapons systems up through heavy 
weapons. Maximum effective range is 5000 m. 


New Fiber Optic Communications Devices 
Developed 


94P60278B Beijing KEJI RIBAO [SCIENCE AND 
TECHNOLOGY DAILY] in Chinese 27 Apr 94 p 1 


[Article by Huan Jianxin [1360 1696 2450]: “‘China 
Develops New Series of Fiber Optic Communications 
Devices’’} 


[Summary] Hangzhou, 25 Apr (KEJI RIBAO wire 
report)—The State 863 Program projects in R&D of 
optoelectronic devices and integration technoiogies have 
realized major advances in the areas of fiber optic 
communications devices and quantum well devices. As 
revealed to this writer today by CAS Academician Zhou 
Bingkun, major steps forward have also been taken in 
domestic industrialization of these products. Some spe- 
cific accomplishments include development of a distrib- 
uted-feedback (DFB) laser diode that passed a 100,000- 
hour lifetime test, is now being used in a fiber optic 
project undertaken by a Chongqing joint venture firm, 
and has been provided to Bell Labs [i.e. Bellcore] in the 
U.S. as well as to laboratories in Italy, Germany, and 
elsewhere. In the area of quantum well optoelectronic 
devices and integration technologies, a batch of high- 
performance devices have been developed, among which 
a short-wavelength quantum well low-threshold-current 
laser diode meets current international standards. Some 
of the 863 Program-supported devices are now in the 
initial stages of industrialization: for example, a 0.808- 
micron-wavelength high-power semiconductor laser has 
been incorporated into a 10-element phase-locked 
quantum well laser diode array, 1000 units of which are 
now being manufactured annually. It is understood that 
over 1200 technologists nationwide are engaged in 863 
Program-supported optoelectronics research; over a 
3-year period, they have taken on 110 projects, of which 
30 have passed formal technical appraisal, while at least 
10 have received State patents or Ministry/ 
Commission-level S&T advancement awards. 
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New Defense Electronics Products from Plant 746 
Certified 


94P60278C Beijing ZHONGGUO DIANZI BAO [CHINA 
ELECTRONICS NEWS] in Chinese 2 May 94 p 4 


[Article by Luo Laiping [5012 0171 1627]: “Series of 
New Military Products from Plant 746 Passes 
Appraisal’’] 


[Summary] All technical performance indicators for the 
FY112 and FG112 light-emitting diodes (LEDs) meet 
standards for comparable products developed by 
advanced foreign nations, as learned at the recent certi- 
fication of seven new military-use products (in a total of 
10 varieties) from Plant 746. As certified by experts from 
MEI, Zhejiang University, Xiamen University, Xidian 
University, and other institutions, the FY108, FG108, 
FY112, FG112, and FRIO4 LEDs and the CS3684, 
CS4859A, CS3459, CS5116, and CS4416A field-effect 
transistors (FETs) comply with commercial mil-spec 
requirements, and are on a par with advanced interna- 
tional standards. This 20-year-old plant has put into 
effect a strict QC program over the past few years, and 
beginning this year has taken on manufacture of high- 
reliability products for the domestic defense industry. 


980-nm LD-Pumped EDFA with Bandwidth 
Exceeding 40 nm 


94P60282B Beijing GAO JISHU TONGXUN [HIGH 
TECHNOLOGY LETTERS] in Chinese Vol 4 No 2, 
Feb 94 pp 5-7 


[Article by Peng Jiangde [1756 3068 1779], Li Jinghui 
[2621 0079 6540] et al. of the Dept. of Electronic 
Engineering, Qinghua Univ., Beijing 100084: ‘“980-nm 
LD-Pumped Er°*-Doped Fiber Optical Amplifier 
Module with Bandwidth 40 nm,” supported by grant 
from 863 Program; MS received 18 Nov 93. Cf. early 
brief report in JPRS-CST-94-001, 24 Jan 94 p 31] 


[Abstract] The first domestic development of a utili- 
tarian Er-doped fiber optical amplifier (EDFA) module 
prototype using a 40-mW, 980-nm-wavelength laser 
diode (LD) as the pump source and a parametrically 
optimized Er**/Al** co-doped optical fiber is reported. 
Module net gain at 1550 nm is 25 dB, saturated output 
power is 0 dBm, maximum output power is 8 dBm, noise 
figure is less than 5 dB, and optical bandwidth is greater 
than 40 nm—values comparable to early-90s interna- 
tional standards as reported in references 3-5. These 
modules were jointly developed by Qinghua University, 
the CAS Institute of Semiconductors, the 863 Optoelec- 
tronics Fabrication Center, and MEI’s Institute 46, and 
are designed for wavelength-division multiplexing 
(WDM) fiber optic transmission systems and optical 
soliton transmission systems. 
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Figures 1-4, not reproduced, show the following: a sche- 
matic of the EDFA module, consisting of a fiber coupler, 
an isolator, the LD, a WDM coupler, a control unit, a 
power supply, a fiber splice, the Er-doped fiber, and 
another fiber coupler; a graph of EDFA module gain vs 
signal output power; a graph of EDFA module output 
power vs input power; and a graph of EDFA module 
bandwidth (net gain vs signal wavelength), respectively. 
There are no tables. 


References: 


1. Peng Jiangde et al. GAO JISHU TONGXUN [HIGH 
TECHNOLOGY LETTERS], 1991,(10):1. 


2. Peng Jiangde et al, GAO JISHU TONGXUN, 1992, 
2(12):10. 


3. BT&D Technologies, EFA Series, July 19, 1991. 


4. Corning Inc., Product Information, Fiber Gain TM 
Module, CL-10, 1992. 


5. Photonetics Inc., Erbium-Doped Fiber Amplifier 
Modules, 1993. 


1480-nm LD-Pumped EDFA Module 


94P60282C Beijing GAO JISHU TONGXUN [HIGH 
TECHNOLOGY LETTERS] in Chinese Vol 4 No 3, 
Mar 94 pp 7-10 


[Article by Peng Jiangde, Jiang Xin [1203 2450] et al. of 
the Dept. of Electronic Engineering, Qinghua Univ., Bei- 
jing 100084: “Utilitarian 1.47-um LD-Pumped Er’*- 
Doped Fiber Optical Amplifier Module,” supported by 
grant from 863 Program; MS received 18 Nov 93. Cf. early 
brief report in JPRS-CST-94-001, 24 Jan 94 p 31] 


[Abstract] The first domestic development of a utili- 
tarian EDFA module prototype using two domestically 
made 25-mW, 1480-nm-wavelength LDs as pump 
sources and Er**/Al** co-doped optical fiber is reported. 
This module has a net gain at 1550 nm of 27 dB, a 
saturated output power of 0 dBm, a maximum output 
power of 7 dBm, an optical bandwidth greater than 20 
nm, and a noise figure less than 7 dB—values compa- 
rable to early-9Qs international standards as published 
in references 3-4. This module, jointly developed by 
Qinghua University, the CAS Institute of Semiconduc- 
tors, the 863 Optoelectronics Fabrication Center, 
Wuhan Institute of Posts & Telecommunications Sci- 
ence, and MEI’s Institute 46, is designed for 4 x 622 
Mbps WDM or TDM (time-division multiplexing) fiber 
optic transmission systems and optical soliton transmis- 
sion systems. 


Figures 1-4, not reproduced, show the following: a sche- 
matic of the EDFA module, consisting of a fiber coupler, 
an isolator, the first pump LD, a WDM unit, a control 
circuit, a power supply, the Er-doped fiber, the second 
pump LD, another WDM coupler, another isolator, and 
another fiber coupler; graphs of EDFA module gain 
characteristics (plots of gain vs signal input for both 


13 


forward pumping and bidirectional pumping); a graph of 
EDFA module power characteristics (plot of output 
power vs input power); and a graph of EDFA module 
bandwidth characteristics (plot of net gain vs signal 
wavelength), respectively. There are no tables. 


References: 


1. Peng Jiangde et al.. GAO JISHU TONGXUN [HIGH 
TECHNOLOGY LETTERS], 1992, 2(12):10. 


2. Peng Jiangde et al., GAO JISHU TONGXUN, 1991, 
1(10):1. 


3. BT&D Technologies, EFA Series, July 19, 1991. 
4. JDS FITEL Inc., EFA Series, 1992. 


1480nm, 980-nm LD-Pumped EDFA Repeater 
Modules Certified 


94P60282D Beijing GAO JISHU TONGXUN [HIGH 
TECHNOLOGY LETTERS] in Chinese Vol 4 No 2, 
Feb 94 p 26 


[Article by Pan Rongjun [3382 2837 3182]: “Semicon- 
ductor-Laser-Pumped Er**-Doped Fiber Repeater 
Amplifier Modules Pass Appraisal’’] 


[Summary] On 15 December 1993, the model EFA9306 
1480-nm-wavelength LD-pumped EDFA utilitarian 
module prototype and the model EFA9309 980- 
nm-wavelength LD-pumped EDFA utilitarian module 
prototype developed by Qinghua University in conjunc- 
tion with other domestic research units passed the 
formal technical appraisal organized by the State Educa- 
tion Commission. These projects were supported by the 
State 863 High-Tech Program, Information Area, Opto- 
electronics Key Task group. Both EDFA modules met 
1991 international standards; in addition, the gain band- 
width for the model EFA9306 module measured 26 dB, 
well over the stated 20 dB level. 


Electro-Optic Characteristics in Surface-Stabilized 
Ferroelectric Liquid-Crystal Cell 


94P60282E Beijing GAO JISHU TONGXUN [HIGH 
TECHNOLOGY LETTERS] in Chinese Vol 4 No 3, 
Mar 94 pp 21-23 


[Article by Shen Hao [3088 3185], Zhou Xuewu [0719 
1331 2976] et al. of the Fudan-T.D. Lee Physics Labo- 
ratory, Fudan University, Shanghai 200433: “Electro- 
Optic Characteristics in Surface-Stabilized Ferroelectric 
Liquid Crystal,” supported by grant from 863 Program; 
MS received 18 Nov 93, revised 17 Dec 93] 


[Abstract] The liquid-crystal light valve is the most 
prevalent type of spatial light modulator (SLM)—a key 
component in optical information processing and optical 
computing systems. Via an improved polymer-film 
directional rubbing method, the authors have fabricated 
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a 5-micron-thick surface-stabilized ferroelectric liquid- 
crystal (SSFLC) cell with high contrast ratio and excel- 
lent bistability. The fabrication process begins with 
5-micron polyester thin films as spacers, then the CS- 
1024 FLC is heated to about 100° C and via vacuum 
capillarity injected into a casing, then slowly cooled to 
room temperature and encapsulated with epoxy resin. 
SSFLC contrast ratio exceeds 140 and response time is 
100 microseconds. 


Four figures, not reproduced, show the following: three 
SSFLC single-cell polaroid micrographs, an oscilloscope 
plot of optical bistability in the SSFLC single cell, a 
graph of response time vs applied voltage for the SSFLC 
single cell, and an oscilloscope plot of SSFLC single-cell 
transmitted optical intensity/triangle-wave voltage. 
There are no tables. 


References: 


1. Clark, N.A. et al. APPL. PHYS. LETT., 1980, 
36:899. 


2. Johnson, K.M. et al., APPL. OPT., 1989, 28/22:4888. 


3. Dijon, J. et al., SID’ 33 Digest of Technical Papers, 
1988:246. 


4. Indada, Y. et al., FERROELECTRICS, 1988, 85:255. 


5. Scheffer, T.J., International Display Research 
Conference, 1988:184. 


6. Ikeno, H. et al., PROC. OF THE SID, 1989,30:329. 


7. Chieu, T.C. et al., JPN. J. APPL. PHYS., 1989, 
28:2240. 


Photonic Devices 


GaAs 1x2 Mach-Zehnder Waveguide 
Switch/Modulator 


94FE0544A Beijing BANDAOTI XUEBAO [CHINESE 
JOURNAL OF SEMICONDUCTORS} in Chinese 
Vol 15 No 2, Feb 94 pp 109-114 


[Article by Feng Hao [7458 3185] and Wang Minghua 
[3769 2494 5478] of the Department of Information and 
Electronic Engineering, Zhejiang University, Hangzhou: 
“GaAs 1x2 Mach-Zehnder (MZ) Waveguide Switch/ 
Modulator,” supported by the National Natural Science 
Foundation; MS received 9 Jun 92, revised 6 Sep 92] 


[Text] 


Abstract 


Research on a GaAs | x 2 MZ waveguide switch/ 
modulator is reported. The operating principle of the 
device is analyzed. The device employs a Y branch as a 
3 dB coupler and an asymmetric X junction as an 
interferometer. At a wavelength of 1.15 um, the switch 
was found to have a crosstalk ratio of less than -16 dB 
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and a switching voltage of 19 V. The device is expected 
to be widely used in GaAs 1 x n switching arrays and 
high-speed optical modulators. 


1. Introduction 


In integrated optics, optical switches and light modula- 
tors are basic devices not only widely used in optical 
communications, optical computing and optical infor- 
mation processing systems but also are basic compo- 
nents in optical switching arrays. In recent years, signif- 
icant progress has been made in optical switch/ 
modulators. The speed of the electro-optic MZ 
interferometric modulator/switch has reached 26.4 
GHz.' The modulating speed of a phase modulator is as 
high as 110 GHz.” Following are the main electro-optic 
modulator/switch structures: 


(1) a MZ switch/modulator that couples a Y branch with 
three waveguides,*:*; 


(2) a directionally coupled modulator/switch,°; 


(3) a BOA [bifurcated optically active] optical switch/ 
modulator,°; 


(4) an asymmetric MZ switch/modulator. ’* 


Each structure has its own unique characteristics and has 
been widely studied and used in various applications. A 
Y-branch MZ waveguide modulator that employs two Y 
branch couplers as the input usually only can function as 
a modulator because there is only one input and one 
output. In reference 8, we reported a 2 x 2 GaAs 
symmetric MZ switch/modulator. In this 2 x 2 switch, 
two asymmetric X junctions are used to replace the 
Y-branch couple in a Y-branch modulator to form a 2 x 
2 switch. Since the two modulating waveguides in this 
switch have different widths, a propagation constant 
difference usually exists. In a pulse input mode, pulses 
are often lost. Therefore, such a device cannot operate in 
a pulse mode. For the first time, a 1 x 2 GaAs MZ 
waveguide switch/modulator is reported. An asymmetric 
X junction is used to replace the interferometer in a 
Y-branch modulator. The device not only has an excel- 
lent 3 dB light splitting effect as a Y-branch coupler but 
also has the characteristics of a 1 x 2 switch. Further- 
more, its modulating waveguide is symmetrical, solving 
the problem of a 2 x 2 symmetric MZ switch operating in 
the pulse mode. It makes the Y-branch MZ waveguide 
modulator more useful over a wide range of applications. 


2. Basic Principle 


Figure | shows the structure of a single-mode, Y-branch 
modulator. When a polarized beam of light enters from 
the input end of the modulator, it is split into two 
identical beams by the Y-branch coupler. These two 
beams of identical power pass through two electro- 
optically active regions to determine their phase differ- 
ence. In addition, interference takes place in another 
Y-branch coupler. The basic mode produced is sent out 
via the waveguide. The first-order mode produced is 
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cutoff in the single-mode output waveguide and is scat- 
tered to the substrate or the flat waveguide. The principle 
of the asymmetric X-junction is discussed in reference 9. 
When the X-junction branching angle 8 < Af/y, the 
asymmetric X-junction plays a mode-separation role. 
Figure 2 shows the basic principle of the X-junction as 
an interferometer. When two identically polarized 
beams come in from its symmetric input ends, they 
superpose each other in the interference region and even 
modes are produced to exit from the wide waveguide (as 
shown in Figure 2(b)). When two beams of opposite 
polarization enter from the symmetric input ends, odd 
modes are produced in the interference region and exit 
from the narrow waveguide (as shown in Figure 2(c)). 


I<. rp 


Figure 1. Principle of a Single-Mode, Y-Branch 
Modulator 
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(c) 
Figure 2. Principle of Using an X-Junction as an 
Interferometer 





On the basis of the above analysis, this X-junction MZ 
modulator not only preserves the advantages of a MZ 
modulator, such as high-speed modulation, but also can 
work as a | x 2 switching element to form a switching 
array. Figure 3 shows the operating principle of the 
switch. 
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Figure 3. Principle of the 1 x 2 Switch 








A polarized beam is split into two beams of identical 
power by the Y-branch 3 dB coupler. After passing 
through the electro-optic modulating region. the relative 
phase difference is obtained. Furthermore, as a result of 
interference in the asymmetric X-junction, even modes 
will exit from the wide waveguide and odd modes from 
the narrow waveguide, i.c., 


Pours = Pincos*(A/2), (1a) 
Pour2 = P insin(A@/ 2), (1b) 
A® = A®, + A®p, (Ic) 


where A®, is the initial phase difference and A®, is the 
relative phase difference caused by electro-optic effect. 


In equation (1) only A®, is a function of applied voltage 
V,7 i.e., 


A®, = (x/A)r,,n°LI'V/d, (2) 


where L is the length of the electrode, d is the waveguide 
thickness, I represents an overlapping integral, n is the 
index of refraction and r,, is the electro-optic coeffi- 
cient. 


3. High-Speed Switching Characteristics 


The high-speed switching characteristics of electro-optic 
modulators are limited in two areas. 


The modulation bandwidth of lumped-electrode devices is: 
Af, = 1/(2xR,CL), (3) 


where C is the junction capacitance per unit length, L is 
the length of the electrode and R, is the matching 
resistance. 


From the above equation we know that modulation 
bandwidth is limited by junction capacitance. Reducing 
junction capacitance is the primary way to raise the 
switching speed of a lumped-electrode device. 


For a traveling wave device, the modulating speed is 
limited by the mismatch between electric and optical 
field. The modulation bandwidth is: 


Af. = 1.4c/nL{no-n,,) (4) 


where n, and n,, are the optic and microwave refracta- 
nce, respectively, and L is the length of the interaction 


region. 
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To date, the bandwidth of a lumped-electrode 3 dB MZ 
modulator is as wide as 8.4 GHz and that of a traveling 
wave 3 dB MZ modulator is as wide as 24.6 GHz. 


4. Crosstalk Analysis 


In an asymmetric | x 2 MZ switch, crosstalk comes from 
two sources. One is due to asymmetry of the two branch 
waveguides of the Y-branch 3 dB coupler resulting in 
two beams of unequal power. 


Assume the beam power levels are I, and I, and a 
relative phase delay of A®/2 is obtained after passage 
through the interference region. Then, the crosstalk is: 


(leaes)ote/ oatzdma = VT, — VV 
+ /1,)¥. (5) 


The other cause is due to a large branching angle of the 
X-junction, which results in incomplete mode separation 
to produce crosstalk. In reference 9, the authors calcu- 
lated mode-separation amplitude ratios at various 
angles. 


5. Design and Fabrication of the Device 


The dimension of the single-mode waveguide is calcu- 
lated using the effective refractance method and the 
X-junction angle is derived from equation (2). Figure 4 
shows the device parameters. The device is fabricated on 
a n/n*GaAs epitaxial wafer which is prepared by means 
of vapor-phase epitaxy. The device is made by etching. 
The waveguide is chemically etched in 
H,PO,:H,0,:H,O = 1:1:10 at 25°C for 2 minutes and 30 
seconds to produce a 1.2-u.m ridge. Figure 5(a) shows the 
parameters of the ridge waveguide. A lumped-electrode 
modulation mode was chosen. The upper electrode is an 
Al-Schottky barrier contact and the lower electrode is an 
Au-Ge-Ni ohmic contact. The electrode parameters are 
shown in Figure 5(b). 


6. Testing and Results 


A beam of polarized light enters the waveguide after 
passing through a lens. The light that exits the waveguide 
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Figure 4. Structural Parameters of the 1 x 2 Switch 





is collimated again by a lens to be captured by an 
infrared camera. The light spot is displayed on a monitor 
and the optical field distribution is recorded in memory. 
Figure 6 [photograph not reproduced] shows the distri- 
bution of light spot and optical field at different voltages. 
If the switching voltage is defined as the amount of 
applied voltage required to change the output optical 
power from maximum to minimum or vice versa, then at 
A= 1.15 um it was found that the switching voltage is 19 
V and crosstalk ratio is -16 dB. Figure 7 shows the 
variation of optical power at the two outputs as a 
function of modulation voltage. The modulating elec- 
trode is a lumped electrode. At zero bias voltage, the 
electrode capacitance was measured to be approximately 
4 pF. If the matching resistor is 50 Q, then the band- 
width of the device is expected to be greater than 1.8 
GHz. The transmission loss of the waveguide is deter- 
mined by measuring its attenuation coefficient,'° i.e., 
measuring the output power of the waveguide at dif- 
ferent wavelengths with identical input optical power 
and then determining transmission loss according to the 
following equation: 


a = In (1,/1,/(Z, - Z;,) 
transmission loss = 4.3 a (dB/cm), 


where Z; is the waveguide length (i = 1, 2...) and I; is the 
light intensity. By measuring a large number of speci- 
mens, transmission loss can be accurately determined. 
With waveguide parameters described above, transmis- 
sion loss was measured to be approximately 7 dB/cm. 
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Figure 5. (a) Ridge-Waveguide Parameters and (b) Electrode Parameters 
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Figure 7. Output Power vs. Modulating Voltage 
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7. Discussion 


From Figure 7, the light output power ratio of the two 
output waveguides is about 4:1. This indicates that there 
is a relative phase difference between the two polarized 
light beams passing through those two waveguides. It 
also means that the two parallel waveguides have dif- 
ferent propagation constants. Under circumstances 
wherein the waveguides are intact, this suggests that the 
two waveguides are not exactly symmetric. This minute 
asymmetry is primarily introduced in the fabrication 
process. As far as the Y-branch coupler is concerned, a 
minute asymmetry will seriously affect the beam- 
splitting ratio. We have already discussed the crosstalk 
ratio due to uneven beam splitting. 


In addition, the waveguide used is a n/n’ homojunction 
waveguide. This structure does not limit the optical field 
much. A large amount of optical field is distributed in 
the low-resistance substrate. This not only increases the 
transmission loss but also reduces the overlapping inte- 
gral between the optical field and electric field (I) and 
causes the half-wave voltage to rise. An effective way to 
solve this problem is to use a GaAs/GaAiAs heterojunc- 
tion. The difference in index of refraction between the 
GaAlAs limiting layer and the GaAs waveguide is rela- 
tively large (approximately 10°) and the optical field can 
be effectively confined within the waveguide. Therefore, 
absorptive loss in the substrate and metal electrode can 
be reduced and the overlapping integral can be 
increased. Moreover, the waveguide of this type of 
structure is thinner (< | um) and the half-wave voltage 
is also drastically lower. Presently, transmission loss of a 
GaAs heterojunction is less than 0.2 dB/cm,'' and the 
half-wave voltage of such an electro-optic modulator is 
less than 5 V.' 


8. Conclusion 


A 1 x 2 GaAs asymmetric MZ waveguide switch/ 
modulator using a Y-branch coupler and an asymmetric 
X-junction is presented. A switching voltage of 19 V and 
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a crosstalk ratio of -16 dB have been achieved. The 
device can be used as a switching element inal xn 
switching array and as a high-speed modulator. 
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High-Speed TDM Optical Switching Array 
Developed 

94P60237A Shanghai SHANGHAI JIAOTONG DAXUE 
XUEBAO [JOURNAL OF SHANGHAI JIAOTONG 
UNIVERSITY] in Chinese Vol 28 No 2, 

Mar 94 pp 127-129 


[Article by Gong Xiaocheng [7895 1420 2052], Shen 
Qishun [3088 0796 5293], and Qu Wenyong [4234 2429 
0737] of the Dept. of Applied Physics: “Development of 
High-Speed Time-Division-Multiplexing Optical 
Switching Array”; MS received 18 Dec 92] 


[Abstract] The authors have designed and developed a 
high-speed time-division-multiplexing (TDM) direc- 
tional-coupler-type | x 4 optical switching array with an 
operating wavelength of 1.3 um. This array, shown 
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schematically in Figure | below, integrates three direc- 
tional couplers on a LiNbO, substrate. The directional 
couplers employ a step AB modulation method; direc- 
tional coupler gap is 5 ym, waveguide width is 7 um, and 
interaction length L is 7mm. The input and output 
waveguides require butt splicing with a 1.3-um single- 
mode fiber; spacing P between the input and output 
waveguides should exceed 125 ym, with 150 um chosen 
as the design value. Circular arc radius R is greater than 
or equal to 40mm, circular arc waveguide length L, is 
4mm, bend-angle straight waveguide length L, is 3mm, 
device overall length is less than 3 cm, and bend angle 8 
is 0.5 degree. Ti film thickness is 600 angstroms, and 
diffusion conditions are 1050° C for 7 hours. 





Rig Le Le 
Figure 1. Practical Structure for 1x4 Optical Switch 
Array. 





input light signal 
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Device fabrication process is as follows: z-cut LiNbO, 
crystal surface sputtering of Ti film, etching of Ti lines, 
diffusion in high-temperature wet argon and wet oxygen 
gases to form the waveguides, waveguide surface depo- 
sition of SiO, film, end-face collimation and polishing, 
clear testing, evaporation of Al film, electrode alignment, 
ultrasonic pressure welding of electrode leads, fiber-optic 
waveguide butt splicing in a V-groove, and performance 
testing. Measured performance parameters are: device 
insertion loss = -7 dB to -9 dB, crosstalk = approx. -20 
dB, switch response time is less than 1.4 ns, switch drive 
voltage = 15-20 V. The TDM analysis for the entire 
switching array is shown in Figure 2 below (in which SW 
refers to directional coupler). There are no tables. 
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Figure 2. Analysis of Time-Division Multiplex/Demultiplex for 1x4 Optical Switch Array (left is the figure of array) 
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Optical Fiber Directional Coupler with 
Continuously Variable Branching Ratio 


94P60282A Shanghai ZHONGGUO JIGUANG 
[CHINESE JOURNAL OF LASERS} in Ciines. 
Vol A21, No 4, Apr 94 pp 306-310 


[Article by Song Yanrong [1345 2518 5554], Zhu L: 
[2612 0500 0500] et al. of the Physics Dept.. Shanx) 
Univ., Taiyuan 030006: “Optical Fiber Direct: 
pler with Continuously Variable Branching Ratio’, MS 
received 3 May 93, revised 18 Oct 93) 


i 
il Ou 


[Abstract] A detailed description of the effect of coupling 
area on the branching ratio of an optical! fiber directiona! 
coupler is given. The effect is calculated theoreticall 
Fiber directional couplers with continuously variab! 
branching ratio (full range from 1/1! to 0/1) h beet 
fabricated. Fiber core diameter is 75 microns and out 
diameter is 125 microns. Coupler externa! dimensior 
are 2 cm x 2 cm x 3 cm, and the coupler has a precision 
adjuster for branching ratio 


Figures 1-6, not reproduced, show the following: th 
experimental equipment, consisting of a 632.8 
nm-wavelength He-Ne laser, a biconvex lens, the fiber 
the coupler, two more biconvex lenses, and two detec- 
tors; the structure and side view of the coupler, a vertical 
view of the coupler rotating through a certain angle 
power density transform diagram: cross sections of the 
coupler with fiber translational movement and fi 
angular rotation; and graphs of branching ratio vs trans 
lational movement distance anc branching ratio vs rota 
tion angle, respectively. There are no tables. 
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References: 


1. K. Ogawa, A.R. McCormick, APPI 
1 7(3):2077. 


OPT... 1978 


2. Song Yanrong, Wang Yangping. Zhou Guosheng 
GUANGXUE XUEBAO [ACTA OPTICA SINICA} 
1991, 11(4):341-346. 


Novel Superlarge-Spots-Array Beam Splitter 
94P60282F Beijing GAO JISHU TONGXUN /HIGH 
TECHNOLOGY LETTERS] in Chinese 

Vol 4 No 4, Apr 94 pp 26-28 


[Article by Luo Fengguang [5012 7364 0342], Cao 
Mingcui [2580 2494 5050) et al. of the Key Stat 
Laboratory for Laser Technology, Huazhong (Central 
China) Univ. of Science & Technology. Wuhan 430074 
“Novel Superlarge-Spots-Array Beam Splitting Imple- 
mentation,” supported by grants from 863 Program 
NSFC, and NDSTIC Basic Research Fund; MS received 
22 Dec 93, revised 24 Feb 94] 


[Abstract] A novel method for superlarge-spots-array 
beam splitting 1s proposed for the first time. It can be 
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ising a Dammann splitting 
grating and phase-type Fresnel microlens array based on 
ple and VLSI techniques. 
. new beam-sp! rray device--the computer- 
peneral aphic beam-splitter (CGFBS)}— 
as been fa ted. This device enables spots splitting 
128 x 128 arrays and superlarge spots arrays. 


Phy e jig F not repre uced. 5} OM the follow ing: a 
chemat i | ( (3B principle. a schematic of the 
principle, and ihree photos 


i ' I 
; ron rp 1 
“Gesizn results 


j : Vi} Stre N ind Downs, M.M.. OPT. 


INT. ELECTRON,, 1988, 20(1):49. 


Ka R. Abdellatii. M.. Sarry. F.H. et al.. APPL. 


Jahns, J... Downs, M.M., OPT. ENG., 1989, 


OF MODERN OPTICS, 1989, 36:1559. 


\f rmick, F.B.,. OPT. ENG... 1989. 28(3):299. 


integrated Optical Frequency Shifter for FM 
Fiber Optic Gyro 

82G Beying GAO ASHU TONGXUN [HIGH 
OGY LETTERS] in Chinese 


f 1p) Jd np ‘- thf 


10 Wer [6392 0251], Wang Xianxiu [3076 
9343 4423) et al. of the CAS Changchun Institute of 

ysics, Changchun 130021: “Integrated Optical Fre- 
quency Shiiter for Frequency-Modulation Fiber Optic 


MS received 29 Nov 93] 


OSCODE } 


\bsiract} An integrated optical frequency shifter for 
losed-loop, zero-phase frequency-modulation (FM) 


fiber optic gyros has bec veloped. The device is 
abricated on a 20mm x 60mm Y-cut Ti-in-diffused 
NbO3 planar w guide (single-mode for 1.3- 

T n-wavelength laser), and consists of a pair of spher- 
il geodesic lenses and two surface acoustic wave (SAW) 

f Ms). The SAW interdigital 

IDT) 1s fabricated bi ventional photoli- 


puttered Aj film: each IDT 
as six electrodes with a length of 8mm and a penod of 
40 microns. Frequency-shifting range is 10 MHz, AOM 


nter freque! MHz, and AOM drive power ts 


} m \ 
Four figures, not reproduced, show the following: a 
tural schematic of iency shifier, frequency 
ponse of the AO hre lloscope traces of sec- 
ondary Bragg deflection, and two graphs of optical 
intensity distribution. There are no tables. 
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Atmospheric Coherence Length Measurer/ 
Isoplanatic Goniometer 


94P60276A Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 
9 May 94 p 2 


[Article by Peng Dejian [1756 1795 1696]: “Instrument 
for Measuring Atmospheric Coherence Length and 
Isoplanatic Angle”’} 


[Summary] An atmospheric coherence length measurer/ 
isoplanatic goniometer was recently built by a CAS 
Anhui Institute of Optics and Fine Mechanics (AIOFM) 
group led by Research Fellow Song Zhengfang [1345 
2973 2455]. This instrument, developed as an “863-308” 
State High-Tech Plan (Information Expert Topical Area) 
project, will provide a key new measurement and mon- 
itoring means for atmospheric comprehensive peace [{i.e. 
nuclear test-ban] monitoring. Compared to the differen- 
tial satellite imagery moving monitoring (DIMM) instru- 
ment developed by the European Southern Observatory 
(ESO), the Chinese instrument meets late-8Os interna- 
tional standards. The instrument is designed to measure 
atmospheric coherence length r by a double-optical-path 
satellite imagery moving differential method and to 
measure isoplanatic angle theta by a satellite light scin- 
tillation method. The prototype AIOFM instrument, 
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completed in July 1992 and incorporating advanced 
technologies such as CCD detectors and real-time com- 
puterized data processing, has been in trial use at the 
Yunnan Observatory. Scientists there obtained over 
2000 sets of data (measurements of r and theta) on 20 
diflerent nights. Recently, measurements of r and theta 
via integration of Cn(h) data obtained by a temperature 
ripple sonde were taken in Hefei simultaneously with 
measurements taken in Yunnan via the new method: the 
average values of the two sets of data differed by only 7 
percent. 


Semiconductor Laser Rapid Electro-Optic Sampler 
Y4P602°76B Beijing ZHONGGUO DIANZI BAO 


(CHINA ELECTRONICS NEWS] in Chinese 


1] May 94 pl 


[Article by Cui Yachao [1508 0068 6389]: “Jilin 
University Develops Semiconductor Laser Rapid 
Electro-Optic Sampler’’] 


[Summary] In a 5-year project wherein they broke a 
foreign technology blockade, Jilin University engineers 
have developed the nation’s first semiconductor laser 
rapid electro-optic sampler. This new test instrument, 
which provides parametric data used in designing and 
fabricating GaAs-based and other high-speed ICs and 
optoelectronic integrated circuits (OEICs), has been 
mastered by only a small number of nations including 
the U.S. and Japan 


Sino-Japanese Joint Venture to Produce 
Optoelectronic Instruments 

94P602924 Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 13 May 94 p 2 


{Article by Lu Peifa [7120 1014 3127]: “Sino-Japanese 
Joint Venture Produces optoelectronic Instruments, 
Equipment” ] 


(Summary] Beiying-Topcon Ltd., a joint venture between 
the Beijing Optical Instruments Plant and Japan’s 
fopcon Corp. Ltd., has now begun production. This new 
Beijing-based firm, the first Sino-foreign joint venture 
exclusively engaged in manufacture of optoelectronic 
measurement equipment, has imported the production- 
line technology of Topcon-——one of Japan’s two largest 
optical firms and a specialist in infrared range finders, 
electronic theodolites, and complete instrument stations. 
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